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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by 
the Ophthalmic Instruments and Appliances Sectional Committee had been approved by the 
Medical Equipment and Hospital Planning Division Council. 

Intraocular Lenses (lOLs) are implanted commonly to restore the sight of the persons with cataract 
blindness. The quality of the lens is very critical particularly from the point of view of patient's 
safety since a poor quality lens causes serious sight threatening complications. Preparation of 
this standard was taken up at the instance of Ministry of Health so as to guide the ophthalmo- 
logists, manufacturers and end users about the quality aspects of lOLs produced indigeneously. 

lOL would be required to undergo extractables and implantation tests on animals and clinical 
trials. This device is also likely to be declared as 'Drug' by the Ministry of Health and Family 
Welfare C Department of Health ) under the Drugs and Cosmetics Act, 1945. Since the regulatory 
functions for ensuring conformity to this standard rest with the Drugs Controller of India, BIS 
Certification Marking would not be applicable for this device. 

In the formulation of this standard, considerable assistance has been derived from ANSI Z80'7 — 
1994 'Ophthalmics — Intraocular lenses', issued by the American National Standards Institute, Inc. 
USA. 

Annex U is given for information to facilitate references to overseas literature and publications. 

For the purpose of deciding whether a particular requirement of this standard is complied with, 
the final value, observed or calculated, expressing the result of a test or analysis, shall be rounded 
off in accordance with IS 2 : 1960 'Rules for rounding off numerical values ( rev/5erf)'. The 
number of significant places retained in the rounded off value should be the same as that of the 
specified value in this standard. 
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Indian Standard 



INTRAOCULAR LENSES - SPECIFICATION 



% SCOPE 

1.1 This standard specifies the requirements 
and there test molhods for lOLs used as implant 
devices in the human eyes. 

1.2 Various aspects covered in this standard are 
as follows: 

a) Biofunctionality requirements and their 
test methods which refer to the ability of 
lOLs to provide required mechanical and 
optical functions for which they are 
designed; 

b) Biocorapatibility requirements and their 
tests methods which relate to the ability 
of the lens to remain biologically 
acceptable in the human eye after 
implantation; and 

c) Packing and labelling requirements for 
physical protection of the lens during 
storage and distribution and lebelling of 
lens information. 

2 REFERENCES 

The following standards contain provisions 
which, through reference in this text, constitute 
provision of this standard. At the time of 
publication, the editions indicated were valid. 
All standards are subject to revision, and parties 
to agreements based on this standard are 
encouraged to investigate the possibility of 
applying the most recent editions of the 
standards indicated below: 



IS No. 

12572 
( Part 3 ) : 



12572 
( Part 4 ) 



1988 



.12572 
( Part 5 ) : 1988 



Title 

Guide for evaluation of 
1988 medical devices for biologi- 
cal hazards ; Part 3 Method 
of testing by tissue 
implantation 

Guide for evaluation of 
medical devices for biologi- 
cal hazards : Part 4 Method 
of test for systematic 
toxicity, assessment of acute 
toxicity of extracts from 
medical devices 

Guide for evaluation of 
medical devices for biologi- 
cal hazards : Part 5 Method 
of test for intracutaneous 
reactivity of extracts from 
medical devices 



3 DEFINITIONS 

3.1 Angle, Haptic Loop 

The angle formed between the haptic and a 
plane normal to the optical axis ( see A ia. 
Fig. 1 ). 

3.2 Body Size 

Size of the central part of lOL incorporating 
the optic but not the haptic. Useful for 
specifying size of non-circular lOLs. 

3.3 Component, Haptic 

The non-optrcal components of anIOL intended 
to be supporting members for fixation in the 
eye. For example, the monofilament loops of 
a three-piece lens are haptics. A haptic may 
also be continuous with the optical component 
and may be fabricated from the same material 
( that is, all PMMA one-piece lens ) 

3.4 Component, Optical 

The image forming portion of an lOL, consisting 
of a clear optic zone and area containing non- 
optical elements such as positioning holes, etc. 
The clear optic zone is defined as the maximum 
diameter, centred on the optical axis, which 
is free of the non-optical elements. 

3.5 Cytotoxicity Test 

With the use of cell culture techniques, this test 
determines the lysis of cells ( cell death ), the 
inhibition of cell growth, and other toxic eflfects 
on cells caused by test materials and/or extracts 
from the materials, 

3.6 Diameter, Clear Optic 

Diameter of circle concentric with lOL optical 
axis containing only features of the lens 
belonging to the optical design. 

3.7 Diameter, Overall 

The overall diameter or diagonal dimension of 
an lOL is defined as the diameter of the smallest 
great circle, perpendicular to the optical axis, 
circumscribing the intraocular lens. 

3.8 Dimension, Profile 

The profile dimension of the optical component, 
as shown in the plan view of the lens, is the 
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SAGITTAL DIMENSION' 



ANTERIOR SURFACE 




VAULT HEIGHT 



y- POSTERIOR 
/ SURFACE 





INSERTION. 
DIMENSION 




SECTION A A, 



Fig. 1 lOL Dimensions 



minimum distance between parallel planes ( see 
G and H in Fig. 1 ) which could be constructed 
around the optical component, parallel to the 
optical axis. 

3.9 Dimension, Sagittal 

The diopter-dependent sagittal dimension of a 
lens is defined as the minimum distance between 
the planes ( see C and E in Fig. 1 ) normal to 
the optical axis, which contact the most anterior 
( Plane C ) and the most posterior ( Plane E ) 
points of the lens. For example, as in Fig. 1, 
the sagittal dimension of a vaulted posterior 
chamber lOL would he the distance between the 
plane intersecting the optical component's 
posterior apex and the plane intersecting the 



anterior side of the haptic footplates. 

3.10 Dimensions, Vault Height 

The vault height of a lens is deianed as the 
distance for an uncompressed lens, anterior or 
posterior, between a plane ( C ) normal to the 
optica! axis and vault plane ( Z> ), normal to the 
optical axis, containing the intersection between 
the great circle circumscribing the overall 
length and the iris proximal surface of the 
haptic. Data is reported for a 20 Z> lens 
( see Fig. I ). 

3.11 Efficiency, Resolution ( RE ) 

The resolution of an lOL expressed as a per- 
centage of the diffraction-limited resolution of 
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an ideal lens having the same focal length and 
under identical conditions of aperture, 
wavelength, and refractive medium. 

3.12 Focal Length (/) 

The distance to the paraxial image plane from 
the corresponding principal plane of a lens or 
lens system in a given surrounding medium. The 
principal plane is that defined by the intersection 
of on-axis collimated marginal rays entering the 
lens with those exiting the lens to form the 
image. 

3.13 Geoetoxicity Test 

The application of mammalian or microbiolo- 
gical culture techniques for the determination 
of gene mutations, changes in chromosome 
Structure and number, and other DNA or gene 
toxicities caused by extracts from materials. 

3.14 Implantation Tests 

Evaluates the localtoxic effects on proliferative, 
highly vascularized tissue, at both the gross level 
and microscopic level, of a sample material that 
is surgically implanted into an appropriate 
animal implant site for an appropriate period of 
time. 

3.15 Lens, Intraocular ( lOL ) 

A medical device consisting of optic and haptic 
components, intended for surgical implantation 
inside the anterior or posterior chamber of the 
eye for an optical correction. 

3.16 Material Degradation Test 

Determines the potential for degradation of the 
materials used in an lOL under simulated use 
conditions. 

3.17 Modulation Transfer Function ( MTF ) 

A function describing the ratio of image to 
object contrast for a sine-wave input versus 
spatial frequency. 

3.18 Ocular Implantation Test 

Evaluates the response in the eye of an appro- 
priate animal to the lOL for an appropriate 
period of time. Simulates the actual use 
condition in humans. 

3.19 Power Lens ( P ) 

The product of the index of refraction of the 
surrounding medium in-situ and the reciprocal 
of the lens focal length in metres. The in-situ 
medium for lOLs will be taken to have a 
nominal index of refraction of l'li6. Lens 
power is expressed in units of diopters { D) 
which have the dimension of inverse metres. 



3.20 Pyrogenicity — Material Mediated Tests 

Evaluates the pyrogenicity of the device and/or 
extracts. 

3.21 Resolution, Lens ( K) 

A measure of the optical performance of an 
lOL in terms of the largest number of line pairs 
per mm ( Lp/mm ) that can be resolved in the 
image formed by the lens at given wavelength 
and given object contrast and with no un- 
resolved bar spacing of larger size. 



for irritation and 
test material and/or 
in an animal model 



3.22 Sensitization Assay 

Estimates the potential 
immune sensitization of a 
the extracts of a material 
and/or human. 

3.23 Spatial Frequency 



The frequency of repetition of alternating bright 
and dark sinusoidal zones in an object or image. 
The preferred units of spatial frequency in this 
standard are cycles per degree. 



Frequency ( cycles per degree ) 

= frequency { cycles/mm ) X / X 
where /is focal length. 
3.24 Striae 



180 



Inhomogeneities in the optical component of a 
lens which are manifested by irregularities in the 
index of refraction. Such irregularities often 
take the form of filaments or sheets. 

3.25 Surface, Anterior 

The face of an lOL, that is, directed toward the 
cornea ( see Fig. I ) 

3.26 Surface, Posterior 

The face of an lOL, that is, directed away from 
the cornea or towards the retina ( see Fig. 1 ). 

4 BIOFUNCTIONALITY REQUIREMENTS 
4.1 Physical and Mechanical Requirements 
4.1.1 Dimensions 

4.1.1.1 Clear optic diameter 

Cleai optic diameter shall be within ± 20 mm 
of labelled value. 

4.1.1.2 Body size 

Body size shall bs within ±0*20 mm of 
labelled value. For ellipsoid lOLs, size should 
be specified as short axis X long axis. 
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NOTE — For an lOL with a circular body, size is 
equal to body diameter. 

4.1. 1'3 Overall diameter 

Overall diameter shall be within ± 0"30 mm for 
three-piece posterior chamber lenses and within 
±020 mm for all other types of lenses. 



4.1.1.4 Vault height 

Vault height shall be within ± 0"20 mm of 
design specification for a 20 D lens. 

4.1.1.5 Positioning hole diameter 

Positioning hole diameter shall not be less than 
specified nominal value, 

4.1.1.6 Positioning hole location 

Positioning hole location shall be within ±5 
degrees of design specification. 

4.1.1.7 Haptic symmetry 

For symmetrically designed three-piece posterior 
chamber lOLs, the difference in distance of the 
vertices of the loops from the centre of the 
clear optic shall be within 0'30 mm. For all 
other types of lenses this difference shall be 
within 0"20 mm. 

4.1.1.8 Haptic cross-section dimensions 

Haptic cross-section dimensions shall be within 
dbO 04 mm of design specification. 

4.1.1.9 Haptic angulation 

Haptic angulation shall be within ±2" of 
design specification. 

4.1.2 Surface Quality 

The components of the lOL shall be essentially 
free from pits, scratches, grey areas, or surface 
irregularities that are of such dimensions that 
after first being identified at a minimum of 7 X 
magnification they can be visualized by a 
trained observer without magnification. How- 
ever, these pits, scratches, ^rey areas, or surface 
irregularities are permitted on area outside the 
clear optic zone of an lOL, if they do not 
adversely aflFect mechanical or clinical 
performance. 

4.1.3 Edge Quality 

The margins of an lOL components and edge 
of holes, if any, should be free of burrs and flash 
and shall appear rounded and smooth when 
inspected at 20 X magnification. For three-piece 
lenses the gap between the haptic and the edge 
of haptic hole should be minimum. 



4.1.4 Material Homogeneity 

The optical component of an lOL shall be essen- 
tially free from inhomogeneities, foreign material 
inclusions, and bubbles that can be visualized at 
a minimum of 7 x magnification, that exhibit 
colour or shading not indicated in the design of 
the lens or adversely affect optical performance. 
The haptic portion shall be essentially free from 
inhomogeneities and defects, such as crazes 
which can be visualized at a minimum of 7 X 
magnification and may adversely affect haptic 
performance. 



4.1.5 Physical Stability 

The lOL shall be inert such that immersion in 
distilled water for 14 days at a temperature of 
35 ± 2°C will not result in significant deviation 
from intended function. 

4.1.6 Weight 

The weight of an lOL is defined as the weight 
in aqueous medium and shall be within ±20 
percent of design nominal. 

4.1.7 Haptic Pull Strength 

The attachment of haptics to the optical compo- 
nent shall be sufficiently secure as to withstand 
an applied force of at least 0'50 N for hard 
PMMA. lenses and at least 0'25 N for siHcone or 
other soft lenses. The recommended test method 
is described in Annex A. 

4.1.8 Compression Force 

The purpose of this test is to determine the 
force exerted on the eye tissue by an lOL. The 
recommended test method and reporting is 
described in Annex B. Compression force shall 
be measured and reported at 10 mm diameter for 
lenses intended for bag placement and at 11 mm 
diameter for lenses intended for sulcus place- 
ment. For non-rigid anterior chamber lenses, 
compression force shall be measured at: 

a) Maximum diameter of the manufacturer's 
sizing specifications, and 

b) Minimum diameter minus 1 mm of the 
manufacturer's sizing specifications. 

4.1.9 Axial Displacement in Compression 

The test method and reporting is described in 
Annex C. Axial displacement in compression 
shall be measured and reported at the same 
diameter as the compression force measurement, 

4.1.10 Decentration and Tilt 

Optic decentration is the measurement of move- 
ment by the optic away from centre as the lOL 
is compressed. Compression is created by plac- 
ing test specimens inside rigid cylindrical welli^ 
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fiypically of 10 or 11 mm diameter, with the side 
of the lens intended for clinical placement 
proximal to the iris placed towards the bottom 
of the well. The decentration is measured by the 
distance from the optical axis to the geometric 
centre of the well. Data are reported for optic 
decentration distance ( mm ) at the intended 
clinical use diameter, either 10 or 11 mm. The 
wells should be constructed of a low friction 
material to minimize haptic rotational cons- 
traint. 

Optic tilt due to compression is a measurement 
of the angular movement of the optical axis due 
to compression of the overall lens diameter. Tilt 
is measured by the angular rotation of the opti- 
cal axis from a line normal to a plane containing 
a circle defined by a cross-section of a cylinder 
constraining thelOL. Tilt is measured for wells 
of the intended clinical use diameter, typically 
10 or 11 mm. Data are recorded for angular tilt 
( degrees ) vs cylindrical well diameter ( mm ). 
The wells should be constructed of a low fric- 
tion material to minimize haptic rotational 
constraint 

4.1.11 Compression Force Decay 

The haptic of any flexible lOL should continue 
to exhibit mechanical strength to preserve the 
lens position. The testing is performed as in 
Annex A. Data are measured at regular time 
intervals, up to a total of 24 hours. 

4.1.12 Fatigue Testing 

The haptic shall be able to withstand 250 000 
cycles of near sinusoidal deformation without 
breaking. Lenses intended for bag placement 
shall be tested at the compressed Fize of 9"5 mm 
with a superimposed cyclic movement of 
±0'5 mm amplitude. An apparatus similar to the 
compression force measurement shall be used. 
The deformation frequency must be more than 
1 Hz. The upper limit of frequency is determin- 
ed by the requirement that the haptic must 
remain in contact with the anvils at all times. 
Appropriate service environment ( temperature, 
aqueous environment, etc) which may affect 
mechanical performance shall be used. The result 
is reported as pass or fail for a sample of at 
least 10 lenses. 

4.1.13 Angle of Contact 

The haptic contact is the measured sura of the 
total haptic contact ( touch ) with the support- 
ing ocular tissue. The recommended measure- 
ment method is placement of the lOL in a 
cylindrical well of intended clinical use diameter, 
and measuring, in angular units, the distance 
between points where the haptic is less than 
'0"25 mm from the well sides. 



4.1.14 Insertion Testing 

This testing is applicable only for lOLs which 
are intended for clinical manipulations by 
folding, or other optic deformation. Mechanical 
and optical properties shall be measured before 
folding and 24 hours after release from folding. 
The folding should be maintained for a minimum 
of 3 minutes. The folding and unfolding should 
be performed by the same method and instru- 
mentation, or their equivalent, as intended for 
clinical use. 

4,2 Optical Requirements 

4.2.1 Lens Power 

The power of an lOL shall be that provided 
in situ, at a temperature 35°C and surrounded 
by a medium of nominal index 1*336 ( see Annex 
D ). The power shall be expressed in diopter 
( D ), and shall be within ±050 D of its labeN 
led value for lenses 250 I> and less and within 
± 15 D for lenses greater ihan 25"0 D. The 
lens shall have no axis- dependent power varia- 
tions in excess of 025 diopter from nominal. 

4.2.2 Resolution Efficiency 

The resolution efficiency of the lens shall exceed 
70 percent when tested using a liquid filled 
cell with plane exit and entrance windows, an 
aperture of at least 3 mm, coUiniated light of 550 
±10 nm, and a liquid medium with nominal 
index of refraction of 1'336 ( see Annex E ), The 
test image shall be free of aberrations such as 
streaking, ghosting, or haze not associated with 
normal spherical aberration. If as a result of 
testing, it is anticipated that the lens will have a 
tilt or decentration following implantation, then 
the lens must also meet this requirement at the 
anticipated angle of tilt or with given decentra- 
tion. 

4.2.3 Optical Transmittance 

The passage of visible light through a. 20 D lens 
at 3 mm aperture shall be within ±5 percent of 
the design nominal value ( see Annex F ). For 
those lenses claiming to be UV absorbing, the 
transmittance at 370 nm, 3 mm aperture for the 
thinnest lens available shall be less than 10 per- 
cent as measured on a research grade UV/ 
visible-spectrophotometer with a maximum of 
5 nm band-width and measurement increments 
not to exceed 5 nm. 

4.2.4 Modulation Transfer Function ( MTF ) 

A monochromatic MTF curve (given as modu- 
lation vs cycles per degree ) measured under the 
same conditions as specified for resolution 
efficiency should be available upon request from 
the manufacturer for a typical lens style and 
power. The diffraction limited curve should also 
be provided ( see Annex G ). 
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5 WOCOMPATIBILITY TESTING 
REQUIREMENTS 

5.1 Toxicity Tests 

The purpose of toxicity tests is to reveal the 
presence of biologically active toxic constituents 
in the lOL. A series oiin-vitro and in-vivo tests 
should be employed which will reveal the 
presence of diffusible toxic chemical entities in 
the lens. 

5.1.1 Tests Directly on Lenses or Representative 
Samples 



5.1.2.2.2 Cell growth inhibition test on aqueous 
extract 

When tested according to the method given in. 
Annex K the average cell growth inhibition rate 
shall be less than 20 percent. 

5.1.2.3 Intracutaneous reaction test 

When tested according to IS 12572 ( Part 5 ) : 
1988 there should not be occurrence of reactions 
such as erythema, edema, bleeding or necrosis 
at the injected positions except at the positive 
control sites. 



5.1.1.1 Tissue implantation test ( 7 and 30 days ) 5.1.2.4 Toxicity test 



lOLs when tested, as per IS 1 2572 ( Part 3 ) : 
1988 shall not show reaction to more than 1 in 
4 pieces consequently greater than that of nega- 
tive control specimen. 

5.1.1.2 Animal ocular implant test ( one year ) 

lOLs when tested as per the procedure given in 
Annex H shall not elicit a significantly greater 
response clinically or histologically than the 
control lens material and there shall not be any 
detectable change in the optical properties. 

5.1.2 Tests on Extracts 

5.1.2.1 Conditions of extraction 

5.1.2.1.1 Extraction time and temperature 

Use one of the following conditions, 50°C for 72 
hours, 70°C for 24 hours, 12rC ( autoclave ) 
for 1 hour, the condition chosen should be the 
highest combination of temperature and time 
which does not cause physical change or chemi- 
cal degradation of the test material. 

After preparation of the extract, it should be 
cooled to room temperature, but not below 
20°C, shaken vigorously for several minutes and 
decanted immediately using sterile precautions 
into a dry sterile vessel. Extracts should be 
stored at 2C) to 30°C and should not be used for 
testing after 24 hours. 

5.1.2.1.2 Extraction ratio 

For samples less than 05 mm in tliickness, 120 
cm^ of total surface area should be used with 
20 ml of extracting solution. 

For samples equal to or greater than O'S mm in 
thickness, use 60 cm^ of total surface to 20 ml 
of extracting solution. 

5.1.2.2 Cytotoxicity tests 
5.1.2.2.1 Agar diffusion test 

When tested by the method given in Annex J 
the tests shall show zone index of one or less 
and the melting index shall be zero. 



When tested according to IS 12572 ( Part 4 ) : 
1988 abnormality or death of mice shall not be 
observed after the injections as follows: 

a) Physiological saline solution or sodium 
chloride solution extract injected intra- 
venous at 59 ml/kg dosage, and 

b) Sesame oil or cotton seed oil extract inject- 
ed intraperitoneally at 50 ml/kg dosage. 

5.1.2.5 Limulus amebocyte lystate ( LAL ) 
testing 

This test shall be performed to detect the 
presence of bacterial endotoxins ( pyrogens ) in 
lOLs ( see Annex L ). 

5.1.3 Results 

Should the material or material extracts fail any 
of the tests for reasons unrelated to the material, 
the tests should be repeated. If the repeat test 
fails, the material should not be used for lens 
fabrication. 

5.2 Chemical Tests 

The purpose of these tests is to assure that toxic 
elements in the lOLs are within acceptable 
limits. 

5.2.1 ETO Residuals 

lOLs shall be sterilized using ethylene oxide 
and the residuals following ETO sterilization 
shall not exceed following limits ( see Annex 
M). 

a) Ethylene oxide 25 ppm 

b) Ethylene chlorohydrin 25 ppm 

c) Ethylene glycol 500 ppm 

5.2.2 Residual Monomer 

Determine the residual methyl methacrylate 
content of PMMA lOL material ( see Annex 

N). 
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'5.2,3 Extractable Monomer Content 

Exhaustive extraction in an appropriate solvent 
to swell the polymer for determination of the 
levels of free monomer and UV-absorber, if 
present ( see Annex P ). 

5.2.4 Photostability Studies 

Simulation of at least 1 5 years exposure to UV/ 
Visible light ( above 300 nm ) at body tempera- 
turt!. Evaluate the lenses for changes in 
monomer content and transmission characteri- 
stics ( see Annex Q ). 

5.2.5 Aqueous Ageing Studies 

Evaluate lenses for changes in monomer coritent, 
molecular weight, identification and quantifica- 
tion of degradation products ( see Annex R ). 

5.3 Microbiological Tests 

The purpose of these tests is to evaluate the 
presence of biologically active micro organisms 
in lOLs. 

5.3.1 BacteriostasisI Fungistasis 

This testing is performed to assure that the 
lOLs to be sterility tested do not exhibit any 
bacteriostatic or fungistatic characteristics ( see 
Annex S ). This test is conducted as a part of 
the validation of the sterility testing protocol. 

5.3.2 Biohurden Testing 

This test is performed to determine the total 
microbiological population on lOLs just prior 
to sterilization routine, Routine bioburden 
evaluation should be performed to determine 



total aerobic bioburden as well as spore forming 
organisms ( see Annex T ). 

5.3.3 Sterility Testing 

This test is performed to determine the accepta- 
bility of lOLs labelled 'sterile'. Tests employing 
biological indicators in the form of spore strips 
are generally considered more sensitive than 
procedures employing finished products only. 
Because of sampling limitations, this test does 
not assure that all lenses in a sterilization lot are 
sterile. True sterility assurance comes from 
knowing that the products were exposed to a 
sterilization process proven effective by scientific 
data. The design and validation of the steriliza- 
tion process form the foundation of a sterility 
assurance programme. This foundation along 
with the use of routine controls and monitoring 
provides the assurance that a lens is sterile. 

6 PACKAGING AND LABELLING 
REQUIREMENTS 

6.1 Packaging Reqnirements 

The lens should be packed in a primary package 
( a lens case or any other container ) which 
physically protects the lens. Additional secon- 
dary packaging system(s) should be used to 
maintain sterility. The primary and secondary 
packages should be placed in a suitable storage 
container to protect the lens during storage and 
distribution. Additional self-adhesive labels 
should be provided in the storage container for 
use in surgery records. 

6.2 Labelling 

The following information must be given on the 
packages of lOLs: 



Information 

a) Name, logo of manufacturer 

b) Address of manufacturer 

c) Model name/No. 

d) Type : AC /PC 

e) Serial No. 

f) Lens power. Diopters 

g) Total diameter, mm 
h) Optical diameter, ram 

j) Optic shape 

k) Number of holes 

m) Optic, haptic material 

n) Loop angle 

p) Statement 'Sterile' 

q) Statement 'Don't Resterilze' 

r) Expiry date 

s) A constant 

t) Drawing of the lens 



Primary 
Package 



X 

X 
X 

X 



X 



Secondary 
Package 


Storage 
Container 


Self 

Adhesive 

Lebel 


X 


X 


-X 


X 


X 






X 


X 




X 


X 




X 


X 




X 


X 




X 


X 




X 






X 






X 






X 






X 




X 


X 




X 


X 




X 


X 




X 


X 




X 


X 
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A-1 PURPOSE 



ANNEX A 
( Clauses 4.1J and 4.1 Al ) 
MEASUREMENT OF HAPTIC PULL STRENGTH 

optic to haptic junction. 



To determine the maximum force sustainable by 
a haptic in tension colinear to the insertion of 
the optic. 

A-2 MATERIALS AND EQUIPMENT 

Appropriate pull tester lOLs. 

A-3 PROCEDURE 

Report results as average and standard deviation 
A-3.1 Clamp the lOL such that the direction of of maximum force sustained. The sample size 
pulling force is tangential to the haptic at the shall be at least ten ( 10 ) lenses. 



A-3.2 Start pulling at a rate of 1 to 5 mm/min- 
and record maximum force sustained. 

A-3.3 Discard results when the haptic breaks in 
the clamps. 

A-4 EXPRESSION OF RESULTS 



ANNEX B 
( Clause 4.1.^ ) 
MEASUREMENT OF COMPRESSION FORCE 



B-1 PURPOSE 

Measurement of force exerted by haptic ( on the 
eye tissues ) when confined to a prescribed dia- 
meter and the movement of the optic is not 
restricted. 

B-2 MATERIALS AND EQUIPMENT 

Test fixtures : Two anvils with a groove diameter 
10 or 11 mm constructed of PTFE or a lower 
friction material, suitable force measuring 
equipment and lOLs. 

B-3 PROCEDURE 

B-3.i Ihe lens is held in the anvils so that the 



axis of compression is perpendicular to the 
contact points of the haptics. 

B-3. 2 The haptic is compressed to the prescribed 
diameter. The lens orientation is adjusted until 
the maximum compression force reading is. 
obtained, Reading will be taken within thirty 
( 30 ) seconds after achieving equilibrium. 

B-4 EXPRESSION OF RESULTS 

Average and standard deviations are reported 
for each application diameter. A representative: 
sample of at least ten ( 10 ) lOLs shall be. 
measured. 
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ANNEX C 

{ Clause 4.1.9 ) 
MEASUREMENT OF AXIS DISPLACEMENT IN COMPRESSION 



C-1 PURPOSE 

-Axial displacement along lOL optical axis is 
measured when the lOL haptics are compressed 
to a prescribed diameter taking the uncompress- 
ed state as reference. 

C-2 MATERIALS AND EQUIPMENT 

Cylindrical wells, 10 mm and U mm diameter. 
Profile projector or other suitable measuring 
device precise to 0.01 mm and lO Ls of 20 D 
power. 

C-3 PROCEDURE 

C-3.1 Measure the sagittal dimension ( distance 
between haptic plane and posterior vortex) in 
the uncompressed state. 



C-3.2 Place the lOL in the well and measure 
the sagittal dimension in the compressed state. 

C-3.3 The axial displacement is measured as 
the diiference between the above two readings 
for a 20 D lens. The displacement shall be 
measured using a 10 mm diameter well for lenses 
intended for bag placement and using 11 ram 
diameter well for lenses intended for sulcus 
placement. 

C-4 EXPRESSION OF RESULTS 

Average and standard deviation are reported 
for each applicable diameter. A representative 
sample of at least ten { 10 ) lOLs shall be 
measured. 



ANNEX D 

(Clause 4.2.1 ) 

LENS POWER 



D-1 FOCAL LENGTH AND POWER 

Lens power can be determined in a variety of 
ways. This section describes the measurement 
in air of back focal length with conversion to 
power in-situ by calculation. An accurate 
knowledge of the change in lens index of 
refraction from the measurement temperature to 
the in-situ temperature is required. A prior 
knowledge of the lOL central thickness and, for 
non-planoconvex lenses, front or back surface 
radius of curvature to a tolerance of approxi- 
mately O'l mm is also required. As shown in 
Fig. 2 a test pattern is positioned in the focal 
plane of the collimating lens. The target consists 
of a dark field type U.S. Air Force 1951 
Resolution Target ( see Fig. 3 ), The light 
source has a diffuser mounted between it and 
the target. A narrowband optical filter with 
nominal pass-band centre of 550 nm should be 
placed between the light source and the ditfuser. 
The focal length of the collimating lens should 
exceed 1 50 mm. The diameter of the aperture 
stop is approximately 30 mm and should be 
located as close lo the lens as possible but in no 
case more than 2 mm from the lens. 

The image of the target generated by the lOL 
should be viewed as shown in Fig. 2 through a 



measuring microscope or projected through a 
device having sufficient resolution to resolve the 
test pattern as imaged through the highest 
possible quality intraocular lens. The measure- 
ment of the focal position should be suificiently 
accurate to assure adherence to the requirement 
for accuracy of labelled power. For PMMA 
lOLs measured in air^ this typically requires 
measurements to within 0"1 mm. The index of 
air is taken as n = 1*000. 

Measure the back focal length, which is the 
distance between the posterior vertex of the lens 
and the focal position. This can be converted 
to the focal length by: 



/air = 



bfl 



«2 L '"l J 



bfl = the back focal length measured as above 
in millimetres; 

/air = the effective focal length of the lens in 
air in millimetres; 

n = refractive index of the surrounding 
medium, in this case, air; 



IS 14323 : 1996 



9-- 



GLASS Diri-^USING ELEMENT 

550NM GREEN FILTER (OPTIONAL) 

- US AIR FORCE 1951 RESOLUTION TAStGET 



u 



— LAMP 




TEST LENS MOUNT AND 3 mm APERTURE 
WITHIN 3 mm OF LENS SURFACE 

lOX TO 20X OBJECTIVE WITH N.A<0.3 
MICROSCOPE BODY 



^ 



.^ 



TEST LENS 



H3 




lOX EYEPIECE 



DIAL INDiCATOR 0.01 mm 
GRADitNTS 

Fig. 2 Optional Bench Arrangement for Measurement of Back Focal Length 

AND Resolving Power 



GROUP 




GROUP 1 



GROUP 2 




^ ELEMENT 

NUMBERS (TYPICAL) 

2 

GROUPS 



GROUP 2 



GROUP 



NOTES 

1 Chromium Targets are available in groups through 7 emulsion targets are available in groups through.6.' 

2 The actual size of the targets slide is 51 mm x 51 mm ( 2* x 2" ). 

Fig. 3 U. S. Air Force Resolution Target 
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"2 



ri 



ra = 



refractive index of the material 
comprising the optical component of 
the lens; 

radius of the anterior surface in 
millimetres, positive value if the surface 
is convex; 

radius of the posterior surface in 
millimetres, negative value if the surface 
is convex; and 

the centre thickness of the lens in 
millimetres. 



Plane surfaces are taken to have a radius of 
infinity. For a plano-convex lens, knowledge 
of the surface curvature is not required. For 
example, if the posterior side is piano, then 
Ta = infinity and the equation is equivalent to: 



/ai. = 6// + f [^] 



The most general expression for the power of 
an intraocular lens with radii, thickness, and 
focal length given in millimetres is: 



F=. 



1 000 n 



= 1 000( og-n) 



[i 



1_ 
r2 



t(n2 — 



2 J 



^l''2«2 

where P is the lens power in diopters. 



For a plano-convex lens, the conversion from 
power in air to pow^r in-situ can be seen from 
the equation above to be: 



where 

n'a = refractive index of the lens material in- 
situ if different from that at room 
temperature, and 

Hj = refractive index of the surrounding 
medium in-situ taken to be r336. 

For lens shapes other than plano-convex, the 
conversion to power in-situ from power in air is 
more complicated. It requires solving the lens 
equation for the unknown radius of curvature, 
followed by replacement of the index of 
refraction values used in air with those 
appropriate to in-situ. Table 1 provides example 
ratios of power in-situ to power in air calculated 
for a variety of lens shapes. These ratios 
represent paraxial to paraxial solutions. An 
observer measuring focal length will most likely 
choose a focal plane slightly closer to the lens 
than paraxial due to the effects of spherical 
aberration. The magnitude of this shift was 
estimated by MTF calculations from ray-trace 
analysis and is also shown in Table I. It may 
be necessary to incorporate this shift into the 
conversion ratio in order to maintam the 
required tolerance of labelled power. 



Table 1 Examples of Lens Power Calculations 

( Clause D-I ) 



Nominal 
Power 

D 


Front 
Radius 

mm 


Back 
Radius 

mm 


Central 
Thick- 
ness 

mm 


Principal 

Plane 
to Vertex 

mm 


ExpecteJ 
Focal 
Plane 
Shift 
in Air 
mm 


Paraxial 
Power 
in Air 

D 


Paraxial 
Power 
Ratios 

in-situlw 


a) Symmetric 


biconvex 














100 


3107 


— 31-07 


0-59 


20 


— 006 


31-64 


0-316 1 


15-0 


20-70 


— 20 70 


0-74 


0-25 


— 0-08 


47-36 


315 4 


20-0 


15-50 


— 15-50 


0-89 


0-30 


— o-n 


63-00 


0-317.5 


250 


12-39 


--12-39 


1-04 


0-35 


~ 0-08 


78-51 


0-318 5 


30-0 


10'30 


— 10-30 


119 


041 


— Oil 


93-86 


0-319 6 


b) Convex-piano 


10-0 


15-55 


— 


0-59 


040 


— 0-04 


31-70 


0-3154 


150 


10-37 


— 


0-74 


0-50 


— 0-06 


47-56 


0-315 4 


20-0 


7-78 


~ 


0-90 


0-60 


— 008 


63-41 


0-315 4 


250 


622 


— 


107 


0-72 


— 0-10 


79-26 
95-12 


0-315 4 


30-0 


5-18 


— 


1-26 


0-84 


— 008 


0-315 4 
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Table 1 ( Conched ) 



Nominal Front Back Central Principle 

Power Radius Radius Thick- Plane 

ness to Vertex 



Expected 
Focal 
Plane 
Shift 
in Air 



Paraxia[ Paraxial 
Power Power 

in Air Ratios 



D 


mm 


mm 


mm 


mm 


mm 


D 


-i«-sr?M/alr 


c) Meniscus 
lO'O 


9-74 


25-92 


0-60 


0-64 


-013 


31-97 


0-312 8 


150 


7-43 


25-92 


0-76 


0-70 


— 0-12 


4800 


0-312 5 


20-0 


800 


25-92 


0-93 


0-80 


— 0-13 


64-08 


0-312 1 


25 '0 


5-04 


25-92 


1-12 


0-91 


- 009 


80.21 


0-311 7 


300 


4-34 


25-92 


1-33 


1-05 


— 0-08 


96-42 


0-3112 


d) Symmetric silicone 


100 


15-78 


— 15-78 


0-88 


0-30 


— 0-10 


52-56 


0-190 3 


150 


10-50 


— 10-50 


1-18 


0-42 


-010 


78-31 


0-191 6 


20-0 


7-86 


~ 7-86 


1-149 


0-54 


- 008 


103-41 


0193 4 


250 


6-27 


— 6-27 


1-83 


0-67 


— 008 


127-82 


0-195 9 


300 


5-21 


— 5-21 


2-2 


0-83 


— 08 


150-59 


0-199 2 



Fixed Input 

Refractive index of air 1000 

Refractive index of aqueous 1-336 

Refractive index of PMMA at room temperature 1-493 

Refractive index of PMMA in-situ 1'491 5 

Aperture stop 3-00 mm 

Refractive index of silicone at room temperature 1-418 

Refractive index of silicone in-situ 1-415 

Wavelength of interest 555 nm 



ANNEX E 
( Clause 4.2.2 ) 
RESOLUTION EFFICIENCY 



Input Constraints 

Optic dimensions : 

lOL edge thickness 
lOL optic diameter 



0-30 mm 
6-00 mm 



E-1 LENS RESOLUTION 

Lens resolution may be measured in a liquid 
cell with plane parallel faces containing a fluid 
with nominal index 1'336. This cell should 
surround both the lOL and the aperture as 
shown in Fig. 4. The rest of the measurement 
optics are as described above for determining 
lens power. With the target in sharp focus, the 
elements of the target should be read succes- 
sively from the largest to the smallest. The 
finest element that can be determined to have 
separate lines in both the horizontal and vertical 
portions of that element ihould be recorded. 
The image should be free of secondary or ghost 
images. 



The test system magnification ( i/) of the test 
bench will be the focal length of the fluid eel I 
fixture and lens combination (ft ) divided by 
the focal length of the collimating lens ( Fc) 
both in millimetres. Snell's law causes a refrac- 
tive change as the rays of light exit the fluid 
medium into air. The effective focal length of 
the fluid cell/lens combination (ft) is the 
effective focal length of the lOL alone in the 
test medium (/m-situ ) divided by the index of 
refraction of the medium ( «3 ). 



M = 



Fo 



12 



TEST LENS MOUNT WITH 
3mm APERTURE 



LENS CELLWITH PLANE. PARALLEL FACES 

Fig. 4 Liquid Cell with Plane Entrance 
AND Exit Windows 

The resolution of the intraocular lens ( Fl ) in 
line-pairs per mm will be the bar spacing of the 
recorded element divided by the system 
magnification { M). 
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E-2 RESOLUTION EFFICIENCY ( RE ) 

The theoretical diffraction-limited resolution 
Vq of a perfect lens is: 

Fo = -^ — sin fx. 



where 

n = refractive index of the medium, 

A = the wavelength of illuminating light, and 

/x = the vertex angle of the marginal ray at 
the image. 

Since the angles involved here are small one can 
replace sin j« with tan ^ so that: 

sm fi 7Z> tan \ik ^ = -ttf 

where ^ is the lens aperture and / is the focal 
length. Using the test fixture described above 
this becomes an aperture of 3 mm, in a medium 
with nominal index 1*336, and in 550 nm light, 
this becomes: 



Fn = 






Fl = 



bar spacing 
M 



Table 2 lists bar spacing of the test pattern 
vs group and element number. 



If the measured resolution of the lens is givca 
by Vl, than the resolution efficiency of the lens, 
RE, may be expressed in percentage using 

RE ( percent ) = 100 % X ["^J 

^ 100 % X bar spacing X FcXA 

nxd 
= 0*018 3 X bar spacing X Fc 



Table 2 Factors for Line-Pairs per Millimetre 

( Clause E-1 ) 



Element 
Number 


"^ 


1 




Group Number 








2 


3 




4 


5 


6 


7 


1 


1-00 


200 


400 


800 




160 


32-0 


640 


128 


2 


1-12 


2-24 


4-49 


8-98 




ISO 


36-0 


71-8 


144 


3 


1-26 


2-52 


504 


101 




20-2 


40-3 


80-6 


161 


4 


1-41 


2-83 


5-66 


11-3 




22-6 


45-3 


90-5 


181 


5 


1-59 


3-17 


6-35 


12-7 




25-4 


50-8 


102 


203 


6 


1-78 


3-56 


7-13 


14-3 




28-5 


570 


114 


228 



NOTES 



1 Bar spacing =■2(0 H g— j ( line.pairs per millimetre ). 



2 G = Group number. 

3 E «= Element number. 
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For a 3 mm aperture, the image formed outside 
the cell ( index rOOO ), and 550 nm illuminating 
light. 

Example: 

A PMMA plano-convex lens is designed to have 
a power of 21"5 D when placed in the eye. The 
back focal length of this lens when measured as 
liescribed above was found to be 14' 10 mm. The 
central thickness was 095 mm. The index of 
refraction of the lens material at room tempera- 
ture is r493, the index of this same material at 
SS^C is 1-4915. The effective focal length in 
air is: 



/- = */' + '[-^] 



= 14-10 mm+0-95 mm [-{^3] 



= 14-74 mm 
The power of the lens in air is, therefore, 

1 000 n 1 oon 



Pair =- 



/air 14 74 mm 



=67-86 D 



The ratio of lens power in-situ to power in air is 
found to be: 



-rin-sltu=J^alr | 

^p [" 1-491 5 — 1-336 T 
^*'L 1.493- 1.000 J 

=Pair(0-315 4 ) 

This matches the ratio shown in Table 1, The 
power in-situ of this lens is: 

Pm-Bitu = 67-86 diopter X 0-315 4 
= 21-4 diopter 

Which is within the tolerance of 0'5 diopter of 
the labelled value of 21 "5 diopter. 

Assuming a 200 mm focal length collimating 
lens the lOL is read with group 4, element 4 as 
the limiting resolvable image. The bar spacing 
for group 4 element 4, is found from Table 2 to 
be 22-6 and the lenses' resolution efficiency 
( JRE ) then is calculated as follows and found to 
be an acceptable value under this standard: 

RE ( percent ) = 0-018 3 X ( bar spacing )^ X Fc 

= 0*183 X22'6 mm-ix200 mm 

=83 percent 



ANNEX F 
( Clause 4.2.3 ) 
OPTICAL TRANSMITTANCE 



F-1 OPTICAL TRANSMITTANCE 

Optical transmittance of lOLs can be measured 
with currently available photometers using inte- 
grated sphere detectors. One may use a double- 
beam UV/ Visible spectrophotometer as available 



with an integrating sphere attachment. The lOL 
is placed in a sample holder with a 3 mm aper- 
ture and centred in the aperture. The sample 
is then scanned over the desired spectral range 
either continuously or at discrete intervals of no 
greater than 5 nm. 
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ANNEX G 

( Clause 4.2.4 ) 

MODULATION TRANSFER FUNCTION TESTING 



G-1 MTF TESTING— DESCRIPTION OF 
EXAMPLE PROCEDURE 

The procedure described is modelled after 
measurements with a MTF bench. This bench 
generates a slit image at infinite conjugation. 
This slit image is refocused by the test lens to form 
a line-spread function. A microscope objective 
relays the line spread function to a one dimen- 
sional diode array detector. The instrument 
software then corrects the signal from the diode 
array for linearity of response, calculates the 
Fourier transform, normalizes the result, corrects 
for the finite slit width, and then displays the 
resulting MTF. Other methods of measuring 
MTF are acceptable but should provide equal 
or better accuracy 

The MTF bench uses a microscope objective as 
a relay lens for the diode array. To prevent 
aliasing artifacts from distorting the measu- 
rement, it is important to select a microscope 
objective with sufficient magnification to allow 
sampling spatial frequencies at least up to the 
diffraction limited cutoff frequency of the lOL 
in the wet cell. 

The lens is loaded into the test cell fixture used 
for resolution testing; the test cell is filled with 
water or saline and checked to make sure there 
are no air bubbles on the lens. To minimize 
the eifects of spherical aberration, the lens 



should be mounted with the most convex side- 
anterior, facing the incident light. To avoid the 
effects of chromatic aberration, a narrow band 
filter centered at the wavelength of interest is 
used. 

Using the eyepiece and manual control, the 
focal plane is identified and the detector array 
aligned to be perpendicular to the slit image. 

Adjustment of the source intensity, filtration and 
slit width maximizes the diode array signal but 
avoids signal overload or clipping. The slit 
width should be kept as small as practical. There 
is a correction for the finite width of the slit by 
software after Fourier transformation, but this 
correction will not be accurate if the slit width i& 
too wide. The image of the slit on the diode 
array must be limited to a width less than the 
element spacing of the diode array. 

Line-spread data is acquired and MTF is calcu- 
lated. When acquiring the data, a number of 
acquisitions are averaged to avoid detector noise 
effect. The presence of significant light in the 
tails of the line-spread function may give inaccu- 
rate results since the algorithm used for 
calculating MTF may not be sensitive to light in 
the tails of the spread function, if this situation 
occurs, it may be necessary to consult with the 
MTF bench manufacturer to determine the bes 
course of measurement. 



ANNEX H 

( Clause 5.1.1.2 ) 

OCULAR IMPLANT STUDY ( ONE YEAR ) WITH PATHOLOGY 



H-l PURPOSE 

The purpose of this test is to evaluate the 
biocompatibility of an intraocular lens material 
in an ocular environment by surgical implanta- 
tion in the eye of an appropriate animal model 
for one year. This test serves to assess the 
suitability of the lens material for human 
clinical use. 

H-2 RATIONALE FOR THE SELECTION OF 
THE ANIMAL MODEL 

Historically, several animal species have been 
used for this test including rabbits, cats, and 
primates ( usually the cynomolgus or rhesus 



monkey ). The rationale for the choice of animal 
is based on the experimental question(s) being 
considered, and therefore, the scientific judge- 
ment of the investigator is important. The 
choice of animal model must be appropriate to 
answer all of the theoretical concerns relating to 
the biocompatibility of the material including, 
but not limited to the following: 

— Inflammatory response of the eye to the 
material 

— Adhesion of cells to the surface of the 
implant 

— Biodegradation of the implant material(s) 
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H-3 STUDY DESIGN 

A minimum number of animals should be used, 
«uch that a minimum of six test and six controls 
are available at the end of the one year period. 
One eye in each of the animals will be implanted 
with the test material/lens, and the contralateral 
eye of the same animal implanted with a control 
material/lens. One eye in each of the remaining 
four animals will serve as a sham control 
{ surgery only ) and the contralateral eye as an 
unoperated control. The treated eyes will be 
monitored by slit lamp biomicroscopy and 
indirect ophthalmoscopy for up to 12 months. 
The minimum of six test, six controls, and two 
sham controls should be followed for one year 
to be considered a valid test. 

H-4 TEST MATERIAL 

The intraocular lens material must be fabricated 
into an intraocular lens according to intended 
production methods. To allow for dimensional 
differences between human and animal eyes, the 
baptics might require custom design to fit the 
anatomical placement site. 

H-5 CONTROL MATERIAL 

The control material should be PMMA, a 
material with a long track record of safety in 
the eye. If possible, it should be a PMMA 
already approved for use in lOLs. Samples for 
testing should be prepared in the same manner 
as those described for the test material. Addi- 
tionally, the control lens should be of a design 
similar to that of the test lens. 

H-6 MATERIALS AND EQUIPMENT 

— Operating microscope 

— Slit lamp 

— Indirect ophthalmoscope 

— Phacoemulsification unit ( Optional ) 

— Lid speculum 

— Beaver blades 

— 27 Gauge needles 

— 9—0 or 10—0 Nylon monofilament suture 

— Balanced salt solution, sterile ( BSS ) 

— Heparin 

— Yiscoelastic ( Optional ) 

— Ketamine 

— Antibiotic steroid ointment 

— Mydriatics 



H-7 ANIMALS 

The animals will be acquired from approved 
vendors in accordance with the norms laid down 
by the ethical committee of the concerned 
institute/laboratory. Animals of either sex can 
be used as long as the sex is identified in the 
records. Each animal will be tattooed and 
individually housed for identification purposes. 
All animals will be subjected to slit lamp bio- 
microscopy and indirect opthalmoscopy prior to 
use and animals with any ocular abnormalities 
will be rejected. The animals are to be fasted 
the day before surgery and weighed prior to use. 
The animals will be given appropriate food and 
water ad libitum during the course of the study. 

H-8 SURGERY 

The surgical techniques and intraoperative and 
post-operative regimen should be those appro- 
priate for the particular animal used as deter- 
mined by the surgeon based on his/her 
experience. The following describes briefly a 
generalized method. 

To implant an intraocular lens in the posterior 
chamber, the eye is first dilated with mydriatics. 
The animal is anesthetized with an intramuscu- 
lar injection of a combination drug containing 
ketamine. The animal is then placed on the 
operating table and drapped for surgery. 
Surgeries are done under an operating micro- 
scope using aseptic techniques. 

After insertion of a lid speculum, a limbal 
incision is made followed by Icnsectomy with 
irrigation/aspiration, with or without the use of 
phacoemulsification. For rabbits and cats, 
heparin should be added to the BSS irrigating 
solution at a concentration of 1 ODD I.U./ml to 
minimize fibrin formation. The lens is then 
placed into the posterior chamber of the eye, 
either in the capsular bag or in the sulcus, 
taking into consideration the anatomical 
characteristics of the animal and the size of the 
test lens. A viscoelastic can be used as needed. 
The wound is closed with a 9-0 or 10-0 
monofilament suture and an antibiotic/steroid 
ointment is applied to the eye. The animal is 
returned to its cage. The sham eye should 
receive an identical surgical treatment except 
that a lens is not placed in the eye. Intraopera- 
tive observations should include the following: 

— lOL/material and endothelium touch; 

— Collapse of the anterior chamber; 

— Significant anterior chamber bleeding; 

— Iris damage; 

— Placement of the lens haptics and 
location/centering of the optic, where 
applicable; 
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— Excessive fibrin formation; and 

— Unusual surgical problems that are not 
common to the group as a whole, 

H-9 POST-OPERATIVE EVALUATIONS 

The operated eyes will be grossly examined at 
days 1 and 3. Slit lamp biomicroscopy and 
indirect ophthalmoscopy will be performed at 
7 days, 2 and 4 weeks, and at months 2, 3, 6, 9 
and 12. Observations should include, but not 
limited to, flare, cells, adhesions, neovasculari- 
zation, corneal edema, location ofthehaptic 
and centering of the lens, where applicable. 
These examinations can be carried out more 
often if needed. Slit lamp photographs will be 
taken at one week, 2, 6, and 12 months to 
document the slit lamp observations. 

H-10 EVALUATION OF EXPLANTED 
EYES 

The animals will be sacrificed at the end of 
their respective follow-up periods and the eyes 
enucleated. The eyes of any animals that die 
during the course of the study other than from 
surgical trauma or complications should also be 
evaluated. The enucleated eyes should be 
immersed immediately in neutral buffered 
formalin for fixation and storage. The retrieved 
eyes will be sectioned equatorially and an 
internal examination performed. Any visible 
abnormalities and the location/centering of the 
implant is noted, and photographs taken. Histo- 



pathological evaluations will be performed 
on the anterior and posterior segments of the 
eye by an ophthalmic or a veterinary 
pathologist. 

H-n EVALUATION OF EXPLANTED 
LENSES 

The lenses should be examined for cellular and 
fibrinous deposits as well as other abnormalities, 
particularly at the loop-optic junctions and 
inside the positioning holes, where applicable. 
Photographs will be taken at appropriate 
magnifications to document findings. The 
remaining five lenses that have been implanted 
for a year will be submitted for optical 
resolution and focal length analysis after the 
cellular debris is carefully removed, 

H-12 INTERPRETATION OF RESULTS 

The clinical results and histological data 
obtained for the test group should be compared 
to those of the PMMA control group. Any 
inflammation or adverse reactions should be 
carefully discriminated from normal post- 
operative trauma by comparison with the sham 
control eyes. The intraocular lens material 
will be j udged biocompatible if placement of 
this material in the animal eye does not elicit a 
significantly greater response clinically or 
histologically than the control lens material, and 
if there is no detectable change in the optical 
properties. 



ANNEX J 
( Clause 5 A. 2.2.1 ) 
TISSUE CULTURE — AGAR DIFFUSION TEST 



J-1 PURPOSE 

The purpose of this test is to determine the 
the presence of toxic extractable substances in 
ocular implant materials using mammalian 
monolayer cell culture. 

J-2 MATERIALS AND EQUIPMENT 

— Viable, confluent ceil monolayers in 
100 mm polystyrene culture dishes ( for 
example, L929 Mouse fibroblasts ) 

— Tissue culture grade agar or agarose 

— 37° C incubator with humidified atmosphere 
and 5-7 percent COa 

— Inverted microscope 



— Constant temperature water bath with 
cover 

— Sterile forceps 

— Minimal essential medium ( MEM ) 

— Fungizone, sterile, lyophilized ( 250 meg/ 
ml amphotericin B when rehydrated with 
20 ml sterile water for injection ) 

— Water for injection, USP 

— Laminar flow work area 

— Positive control samples ( for example, 
black neoprene rubber, latex glove ) 

— Negative control samples ( extract media > 

— Cellulose filter disks, 12' 7 mm 

— Neutral red dye 
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J-3 PKOCEDURE 

J-3.1 Preparation of Extracts 

Conditions of extraction ( see 5.1.2.1 ) shall be 
used as a guidelines for the preparation of 
extracts. 

J-3.2 Assay 

Extracts of test samples are imbibed into 
cellulose assay disks. Sterile disks are saturated 
with about O'l ml of fluid and excess liquid 
drained off immediately before applying to the 
cell monolayer 

T^egative controls are samples of the extract 
medium (that is, sodium chloride for injection 
USP, cottonseed oil, water for injection 
US? ) also imbibed into cellulose assay disks. 
The sterile disks are saturated with about 01 ml 
of fluid and excess liquid drained off 
immediately before applying to the cell 
monolayer the positive controls are extracts of 
known toxic materials ( for example, black 
neoprene rubber, latex gloves ). Such extracts are 
prepared in the same manner as test extracts. 

Using sterile technique, the growth medium is 
aspirated from confluent healthy cell mono- 
layers. The growth medium is replaced with 
MEM/1 percent Agarose containing neutral red 



stain. Two tests and two negative control disks 
are placed on the agar surface in each culture 
dish. The positive controls must be tested in 
an equivalent manner in separate culture dishes, 
all cultures are incubated for twenty-four ( 24 ) 
hours and test plates are examined microscopi- 
cally ( 100 X ). 

J-4 EXPRESSION OF RESULTS 



A cytotoxic response is defined as death or dege- 
neration of cells directly beneath the area of the 
test sample or within a zone extending beyond 
the test sample. Where a zone of lysis is observed, 
the distance from the edge of the sample to the 
edge of the zone will be measured and reported 
in millimetres ( mm ). 

If neither specimen of a test material elicits a 
cytotoxic response, the material will be 
considered non-cytotoxic. If both specimens of 
a test material elicit a cytotoxic response, the 
Tnaterial will be considered cytotoxic and fails 
the test. If the negative control yields a cytotoxic 
response or if no cytotoxic response occurs 
from the positive control, then the results of 
the assay are invalid. If only one specimen of a 
test material produces a cytotoxic response, then 
the assay must be repeated on four additional 
specimens. The material will be considered non- 
cytotoxic if none of the retest specimens elicits 
a cytotoxic response. 



ANNEX K 
( Clause 5.1.2.2.2) 

CELL GROWTH INHIBITION TEST ON AQUEOUS EXTRACT 



K-1 PURPOSE 

The purpose of this test is to quantitate the 
cytotoxicity of aqueous extracts of ocular 
implant materials. 

K-2 MATERIALS AND EQUIPMENT 

~ Viable L929 Mouse fibroblast cell culture 

— Eagle's medium 

— Type I glass extraction containers 



— Lowry reagents 

— Incubators ( 5 percent CO2, 37" C ) 

— Refrigerator 

— Approximately one litre ( 32 ounce ) cell 
culture bottles 

— Centrifuge 

— Sodium layryl sulphate 

— Water for injection USP 



— Oven, capable of maintaining temperatures K-3 PROCEDURE 
within ± 2°C 

K-3.1 Preparation of Extracts 

— Calcium and magnesium free phosphate 

Test specimens are placed into extraction con- 

— Trypsin tainers with 20 ml water for injection USP. Nine 
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sample weights 
follows : 



per 20 ml water arc used as 



4000mg/20ml 

500 rag/20 ml 

100 mg/20 ml 

50 mg/20 ml 

4 mg/20 ml 

3 mg/20 ml 

2 mg/20 ml 

1 mg/20 ml 

1 mg/40 ml 

For small diameter fibres used in lOL haptics, 
extraction conditions and ratios given in 5.1.2.1 
should be used, USP water for injection is used 
as the extraction medium, with the 9 samples 
prepared by serial 1:1 decreases in the starting 
extraction ratio of 120 cm^/20 ml. A negative 
control is prepared by adding 20 ml water for 
injection USP to an extraction container with 
no sample added. Positive controls consist of 
3 separate concentrations of sodium lauryl 
sulphate ( SLS ). These solutions of SLS are 
prepared by diluting an original 1/50 stock SLS 
solution ( that is, 04 g SLS/20 ml sterile water ) 
incubated under conditions used for test 
extraction, and then diluted to give final con- 
centrations of 1/4 000, 1/12 000 and 1/40 000. 

The samples are extracted at 121°C for 60 
minutes, 70°C for 24 hours, or at 50°C for 72 
hours. 

NOTE — The temperature and duration should be 
such that the test material is not thermally 
degraded. 

Following cooling to room temperature but 
not below 20°C, the samples are shaken 
vigorously and each extract decanted imme- 
diately, using sterile technique, into a dry, 
sterile vessel. 

K-3.2 Preparation of Cell Culture 



Mouse fibroblast cells ( L929 ) propogated as 
monolayers in culture bottles wrth Eagle's 
medium are trypsonized and suspended in 
Eagle's medium. Cell density of the suspension 
is adjusted to 10® cells/ml. 

K-3.3 Assay 

An equal volume of each extract is added to 
separate assay tubes containing an equal 
volume of double strength Eagle's medium ( that 



is, 11 ml of extract and 11 ml of 2 X Eagle*s 
medium ) and mixed. Ten additional control 
tubes containing equal volumes of sterile water 
2x Eagle's medium are prepared, as well as 3 
more sets of 10 tubes containing equal amounts 
of each positive control dilution (1/4 000, 
1/12 000 and 1/40 000 ) and 2x Eagle's. 

0*2 ml of L-929 Mouse fibroblast cells ( I0«- 
cells/ml ) are added to each test and control 
tube at time zero. Half of the extract treated 
tubes and half of the control tubes are 
immediately placed in a 37°C incubator and 
incubatorcd for 72 hours. The remaining 
tubes are immediately centrifuged, the medium^ 
decanted and the cells resuspended in calcium 
and magnesium-free phosphate buffered saline. 
This is centrifuged and decanted twice again, 
then stored at 4°C and assayed at 72 hours as 
zero time controls. 

After incubation, the tubes are decanted and the 
cells washed three times with approximately 
2 ml of calcium and magnesium free phosphate 
buffered saline. The Total protein content of 
each tube is then determined according to the 
method of Oyama and Eagle using the colori- 
metric method of Lowry et al for quantitation 
of protein. 

The percent of inhibition of cell growth 
( percent ICG ) is calculated as follows: 

percent ICG 

lOOx {protein at 12h in treated tubes 
^ }Qg _ —protein at zero time in treated tube s) 
{protein at 72 h in control tubes 
— protein at zero time in control tubes) 

{ protein at 72 hours in control tubes— protein at 
zero time in control tubes ) 

K-4 INTERPRETATION OF RESULTS 

Since the precision of this assay is approxi- 
mately ±10 percent, any value of percent ICO 
of 10 percent or lower is considered within the 
normal range ( non-toxic ), values of 10-15 
percent are suggestive of a low level of 
inhibition. Values over 15 percent are considered 
definite indications of inhibition. Uniformly 
high or low values indicate abnormal control 
values and the test should be repeated. The 
absence of a trend in inhibition suggests the 
absence of extractable toxic components without 
respect to the absolute magnitude of the 
response. 
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ANNEX L 
( Clause 5.1.2.5 ) 
LIMULUS AMEBOCYTE LYSTATE ( LAL ) TESTING 



L-1 PURPOSE 



An in-vitro test for the presence of bacterial 
endotoxins ( pyrogens ), The test is based on 
specific enzymatic reaction of the circulating 
cell ( amebocytes ) in the horseshoe crab 
(limulus polyphemus ). 

t-2 MATERIALS AND EQUIPMENT 

— Non-pyrogenated water 

— Depyrogenated jars, forceps, and scissors 

— Standard laboratory equipment 

— Lysate reagent 

L-3 PROCEDURE 

.L-3.1 Aseptically open the package and transfer 



ten lOLs to a depyrogenated vessel. Add 400 ml 
of water. Hold the samples in the water for 
one hour at room temperature ( above 18°C ). 
Following this holding period, the elute is ready 
for analysis. 

L-3.2 The elute is spiked with Lysate reagent. 

L-3.3 The extraction solution is also spiked with 
endotoxin as a control. 



L-4 INTERPRET ATtON OF RESULTS 

It will be considered that there is no product 
inhibition or activation of the LAL test if the 
end points of the titrations, the lOL elute pool 
and the control solution do not vary 
significantly. 



ANNEX M 

( Clause 5.2.1 ) 

DETERMINATION OF RESIDUAL ETHYLENE OXIDE CONCENTRATION IN 
GAS-STERILIZED INTRAOCULAR LENSES BY GAS CHROMATOGRAPHY 



Ml PURPOSE 

The purpose of this test is to determine the 
concentration of residual ethylene oxide ( ETC ) 
in intraocular lenses ( lOLs ) that have been 
gas-sterilized. 

M-2 SCOPE 

The procedure will detail the determination of 
Ethylene Oxide ( ETC ) in lOLs constructed 
from polymethylmethacrylate. Gas chromato- 
graphy by headspace method will be used to 
quantitate ETC extracted from lOL. 

M-3 MATERIALS AND EQUIPMENT 

— Chromatography 

— Gas chromatograph with flame ionization 
detector integrator and headspace 
sampler 

— Gas chromatograph support gases 

Helium — Linde zero grade 
Air — Linde zero grade 
Hydrogen — Linde zero grade 



— Gas chromatography column with 80/100 
chromsorb 102. 

— Sample preparation 

— Septa scalable reaction vials — 10 ml 
capacity 

— Disposable latex gloves 
~ Gas syringe 

— 10 ju./ Syringe 

— 25 jti/ Syringe 

— 50 fj-l Syringe 

— 100 [J./ Syringe 

— Analytical balance 

— Gas sampling tube 

— Chemical fume hood 

— Reagents 

— Acetone — HPLC grade 

— Ethylene oxide — sterilant fumigant gas 
99 '7 percent pure (lecture tank ) 
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— Miscellaneous 

— Linear regression calculator 

— Laboratory freezer 

— Decapper tool ( 20 mm ) 

— Tygon tubing 1/4 inch LD. 

— Disposable 400 ml beaker 
~ Tap water 

M-4 PROCEDURE 

M-4.1 Instruments Set-Up 

After allowing the injection port of the chro- 
matograph to cool to room temperature, install 
the chromatography column following manu- 
facturer's directions supplied for the gas chro- 
matograph and precondition the column, if 
necessary. The following operating parameters 
are typical operating conditions; 

— Carrier gas : helium ( zero grade ) 

— Carrier gas flow rate : 30 ml/min 

— Injector temperature : 150°C 

— Column temperature : I20°C 

— Initial time : 10 min ( sample ), 5 min 
( standard ) 

— Heating rate : 

— Final column temperature : llCC 
— ■ Final time : min 

— Detector temperature ; 150°C 

— Detector type ; FID 

— Detector gases : hydrogen, Air 

— Attenuation : 

— Range : 6 

— Oven maximum : 250°C 

— Equilibration time : min 

The following operating parameters are typical 
for the headspace sampler: 

— Pressurization ; 10 sec 

— Ventilation/fill sample loop : 5 sec 

— Injection : 10 sec 

— Valve loop temperature : 103°C 

— Bath temperature : lOO^C 

— Sampling interval : 03 { remote ) 
~ inj/vial : 01 

M-4.2 Standard Preparation Set-Up 

All work must be performed under a fume hood 
with appropriate lab attire ( that is, gloves, lab 
coat, etc ). The ETO gas cylinder is placed 
close to the stand with the gas sampling tube 
position upright with a clamp. The gas sampling 
tube is purged for 15 minutes, and the stopcock 



to the ETO gas cylinder connected to the ETO 
cylinder is completely closed. The gas sampling 
tube is equilibrated to atmospheric pressure. 
Using the ideal gas law, the concentration of 
ETO assumed is I'SO M.g//i*/. The concentration 
of ETO ( C ) at any temperature and pressure 
( P ) in mm Hg may be calculated using the 
following equation: 

C of ETO = 0-706 P/T(°K) 
M-4,3 Standard Concentration Preparation 

Using a gas-tight syringe, ETO gas is removed 
from the sampling tube through the septum and 
using crimp sealed sample vials of predetermined 
volume, samples using lfj.1, 2^il and 3 fil of ETO 
gas are prepared by injection into the vial. The 
concentration ( /^.g//^/ ) of ETO is determined by 
the above equation. 

Standard samples are placed into the headspace 
sampler heating bath and are analyzed without 
heating. The calibration data is tabulated and 
using the standard concentration and peak area 
values, and the linear regression calculator, the 
linear coefficient of fit is determined. Peak 
areas are valid for standard if coefficient of fit is 
better than 0"999; repeat the linear regression 
calculations if any data has been invalidated, 

M-4.4 Sample Preparation 

Using a clean, tared 10 ml headspace vial of 
known volume, 5 sample lenses are placed into 
the vial with forceps. After recording the total 
weight of the lenses, the vial is sealed and 
labelled. 

M-4.5 Sample Analysis 

The prepared samples are placed into a heated 
( 100°C ) sample bath and for 3 hours. The 
headspace should be sampled and analyzed at 
that time. Peak areas for the sample are mea- 
sured and recorded. 

Samples are removed and purged with nitrogen 
or helium, resealed and heated for 15 minutes 
for a second analysis. Data is acquired and 
handled as above. If the peak area of the second 
heating is greater than 10 percent of the first, 
additional purgings and heatings are necessary. 
If the peak area from second heating corresponds 
to 10 percent or less in the original samples, no 
additional purgings and heatings are required. 
Repeat above steps for all samples. 

M-4.6 Calculation of ETO Cancentratlon 

The chromatograms are examined and the 
sample ETO peak retention time is confirmed to 
correspond to the ETO peak retention time of 
the standards. Using peak areas from sample 
analysis, ETO parts per million ( ppm ) in the 
original sample is calculated. Using th& 
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following formula, amount of ETO ( /^g ) extracted is calculated: 



X = 
ETO (ppm) = 



sum of peak area of sample ixg ETO in std inj 
peak area of standard volume of std inj 

volume of beadspace vial 

i^g/g of ETO residue found in sample 
gram weight of sample 



ANNEX N 

( Clause 5.2.2 ) 

RESIDUAL MONOMER DETERMINATION -^ METHYL METHACRYLATE 



N-1 PURPOSE 

The purpose of this test is to determine the 
residual methyl methacrylate content of PMMA 
lOL material. 

N-2 MATERIALS AND EQUIPMENT 

— Gas chromatograph with integrator 

— 3 660mmX32mm (12'xl/8") 8% 
NPGA on chromsorb WHP 

— High purity helium 

— HPLC grade N,N dimethyl acctamidc 
( DMAC ) 

— Reagent grade N-butyl acetate 

— Methyl methacrylate ( MMA ) 

— 10 /il syringe 

— Analytical balance 

— Pipettes and assorted laboratory glassware 

N-3 SAMPLE PREPARATION PROCEDURE 

Using a solution of 20 /tl N-butyl acetate per 
litre of DMAC as a stock solution, MMA stan- 
dards ( a low concentration working and high 
concentration ) are prepared. Preparation of 
samples is performed similarly, and the concen- 
trations (MMA in the standards and unknown in 
the samples ) are calculated gravimetrically and 
recorded in terms of /lig of solution. 

N-3.1 Analysis of Samples and Standards by Gas 
Chromatography 

N-3.1. 1 Typical Instrument Parameters 

a) Column —3 660 mm X 3*2 mm ( 12' X 1/8") 
NPGA on chromsorb WHP 

b) Carrier — He @ 20 ml/min 

c) Injection volume — 1 

d) Injection temperature — 150°C 



e) Oven temperature — 120°C for 5 min 
ramp to 170°C @ 30°C/min 
nO'Cfor 15 min 

N-3. 1.2 Analysis of Standards 

One fi\ injection of the stock solution is made 
using a 10 /xl syringe or smaller. The internal 
standard peak should have a retention time of 
approximately 2'2 minutes. Again two l-/il in- 
jections of the working standard should be made. 
There should be two peaks, the internal standard 
peak and a MMA peak at approximately 1*6 
minutes retention time. Using the MMA peak 
area and the internal standard peak area the peak 
ratio is calculated and the average for the two 
injections is used. 

N-3,1.3 Analysis of Samples 

Using two I-^cl injections of each sample solu- 
tion, a chromatogram is produced, and there 
should be two peaks, the internal standard peak 
and a MMA peak at approximately r6 minutes 
retention time. For each sample solution, divi- 
sion of the MMA peak area by the internal 
standard peak area yields the peak ratio. The 
peak ratios for the two injections should be 
averaged. 

N-4 CALCULATIONS 

N-4.1 Calculation of MMA in Sample Solutions 

Using the concentration of MMA in the working 
standard ( WS ), the average peak ratio ( pk 
ratio ) for the working standard, and the average 
peak ratio of the sample solution ( SS ), the 
concentration of MMA in the sample solution is 
calculated with the following ratio: 

cone MMA in WS _ cone MMA in SS 



pk ratio WS 



pk ratio SS 
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N-4.2 Calculation of MMA in PMMA Samples 



Using the concentration of MMA in the stock 
solution ( SS ) calculated and, the sample weight 
recorded and the stock solution weight recorded 
above, the percent MMA in PMMA is calculated 
using the following equation; 

MMA in SS ( fig/g ) X [ weight SS + weight sample ( g ) ] ^ jq_4 ^ oj^ MMA 
weight sample ( g ) 



NOTES 

1 All weights are to be jneasured on an analytical 

balance. 

2 When weighing vial contents, keep the vial capped 
since the contents are volatile, 

3 Do not seal the vial until all contents have been 
added to the vial. 



ANNEX P 

{ Clause 5.2.3 ) 

AQUEOUS EXTRACTARLE MONOMER CONTENT OF POLYMETHYL - 
METHACRYLATE ( PMMA ) lOL LENS MATERIAL 



P-1 PURPOSE 

To determine the aqueous extractable methyl 
methacrylate content of PMMA materials under 
simulated physiological conditions. 

P-2 MATERIALS AND EQUIPMENT 

— HPLC with binary pump 

— Absorption column (C-18"5 \i, 15 cm ) 

— Analytical balance ( capable to 4 decimal 
places ) 

— Chromatography integrator or suitable 
computer-based data collection and analy- 
sis system 

— HPLC grade acetone 

— HPLC grade water 

— Serum vials, 6 ml, with crimp-cap, teflon- 
lined septa 

~ 0"5, 1, 10 ml volumetric pipettes 

— 100 ml and 200 ml volumetric flasks 

— Balanced salt solution 

— Butyl methacrylate 

— Methyl methacrylate 

— 25 [i\ flat-tipped syringe 

P-3 PROCEDURE 

The following programme parameters is typical 
for the HPLC pump: 

a) Flow rate — r5 ml/min 

b) Solvent scheme — 50 % water, 50 % 
acetonitrile 

c) Time — 14*0 minutes 

d) UV detector — set for absorbance at 
210 nm 



e) The detector is zeroed before each injec- 
tion 

The integrator is typically programmed with 
the following integration parameters: 

a) Minimum peak width — 10 sec 

b) Time for 1 sample — I sec 

c) Noise threshold — 1 microvolt/sec 

d) Full scale millivolts for plot - 50 mV 

Standard curves are generated using butyl 
methacrylate added to HPLC grade acetone. 
This will also be the solvent system for prepara- 
tion of solutions of methyl methacrylate at 0001, 
005, 001, 0a5g/I. 

Each solution is injected onto the HPLC at least 
three times by standard technique, and before 
injecting a new sample or standard solution, 
appropriate rinsing with acetone and with the 
sample or standard solution. 

P-4 DATA ACQUISITION AND 
MANIPULATION 

The peak area of methyl methacrylate is divided 
by the peak area of butyl methacrylate and this 
ratio is recorded. Any ratio that varies from the 
mean of the three ratios by more than one 
Standard deviation is discarded and the sample 
re-analyzed. Standard curve are generated using 
the averages of the peak ratios for each concen- 
tration and performing a linear regression of 
concentration in g/1 vs peak ratio by the method 
of least squares ( the peak ratio is the indepen- 
dent variable ). If the correlation coefficient is 
less than 0'990, regenerate the curve. The 
resulting line will be of the form: 

MMA concentration ( mg/1 ) = w(ratio)-j-^ 
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P-5 DATA ANALYSIS AND 
DETERMINATION OF MMA IN SAMPLE 
SOLUTIONS 

Samples of lenses or a PMMA sample ( approxi- 
mately 0'20 g ) should be prepared and analyzed 
as above, after holding in a 37°C water bath for 
desired amount of time. Alternatively, accelerat- 
ed leaching studies can be performed at elevated 
temperatures by applying the following formula: 

Acceleration factor = 2^ 



where 



r-B? 



10 



Three injections should bs made for each sample. 



If the peak ratio is greater than one standard 
deviation from the mean, then repeat this injec- 
tion. If the average of the peak ratios is greater 
than that of the O'OIO g/1 MMA standard 
solution, then the sample must be appropriately 
diluted. 

Determine the concentration of extracted MMA 
by the following equation; 

MMA ( ppm )= 

( dilution factor ) [ m(avg peak ratio) 4-6] X 10® 
sample cone ( mgl ) 

where b and m are determined from the linear 
regression of the MMA standard solutions. 



ANNEX Q 
( Clause 5.2.4 ) 
IN VITRO PHOTOST ABILITY EVALUATION OF lOL MATERIALS 



Q-1 PURPOSE 

The purpose of this test is to determine the 
photostability (A >300 nm ) of lOL materials. 
The method described herein is designed to 
simulate 15 years of intraocular exposure. To 
mimic in vivo conditions, a xenon lamp is recom- 
mended as its spectral output closely resembles 
the solar spectrum- In addition, radiation <300 
nm is eliminated using an optical filter ( the 
cornea provides in vivo filtration of A <300 nm). 
Finally, test specimens are irradiated while 
immersed in physiological saline at SV'C. 
Following irradiation, test lOLs are subjected to 
a comprehensive evaluation designed to insure 
their long term intraocular photostability. 

Q-2 MATERIALS AND EQUIPMENT 

— Finished lenses or components thereof 
that have been processed, that is, cleaned 
and sterilized ) per standard manufactur- 
ing procedures should be used. 

— Xenon arc lamp/lamphouse 

— UE filter ( A < 300 nm, for example, 
schott optical WG 305 ) 

— Radiometer/photometer 

— Sample chamber with quartz windows 

— Temperature control for sample chamber 

ore) 

— UV/VisibIc spectrophotometer 

— HPLC 

— Optical microscope 

— Fixture and load cell for conducting 
compression testing of lOLs 



Q-3 PROCEDURE 

The beam and sample chamber are aligned to 
give desired beam diameter with maximum inten- 
sity and uniformity. 

The radiometer/photometer is used to determine 
the intensity and uniformity as a function of 
distance from the centre to the edge of the beam 
( with the filter in place ). The sample chamber 
is filled with physiological saline and using the 
appropriate temperature control device maintains 
the temperature at 37°C. 

Samples are prepared into the chamber and 
exposure is begun. Sample position is changed 
periodically to average out any variation in light 
intensity, which is monitored weekly for unifor- 
mity and intensity. Adjustments are made as 
necessary to maintain constant intensity. Samples 
are irradiated for a period of time corresponding 
to at least 15 years intraocular exposure. 

Real time ( in vivo ) exposure from accelerated 
( in vitro ) exposure is calculated as follows; 

365 days/year 

where 

Ti = in vivo exposure in years, 

T^ = in v/Y/*o accelerated exposure in days, 

Ii = in vivo exposure intensity ( A = 300-400 
nm ) milliwatts per square centimetre 
( mW/cm^ ), 

/a = in vitro exposure intensity ( A = 300- 
400 nm ) mW/cm^, 



T^ 
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n = intensity factor exponent, and 
X = average daily in vivo exposure. 

For example, if h — 0'5 mW/cms 
h = 20 mW/cma 
n = 1 
X = 3 h/day 

then 1 day accelerated exposure = 320 days of 
3h/day human exposure (17 days accelerated 
exposure = 15 years intraocular exposure ). 

Q.4 SAMPLE ANALYSIS 

Q-4,1 UV( Visible Spectroscopy 

TJV/Visible transmission spectra ( A = 200-700 
nm ) should be obtained on irradiated samples 
and compared to spectra of unirradiated control 
samples of same lens power. Transmission 
characteristics should not change significantly 
with irradiation. Air should be used as 
reference. 

Q-4.2 Optical Microscopy 

The surface integrity of the irradiated lenses 



should be evaluated and compared to that of 
unirradiated control lenses. 

Q-4.3 Monomer Content 

Irradiated lenses should be extracted with an 
appropriate solvent and monomer content deter- 
mined using HPLC. Results should be compared 
to that of unirradiated control lenses. 

Q-4.4 Mechanical and Optical Properties 

Irradiated lenses should be subjected to relevant 
mechanical testing, such as compression force, 
compression force decay, and compression 
fatigue tests and optical properties testing des- 
cribed elsewhere in this standard. Results 
should be compared to that of unirradiated 
control lenses. 

Q-5 INTERPRETATION OF RESULTS 

The properties of the irradiated lenses should 
not vary significantly from those of unirradiated 
controls. The significance of any property 
change, assuming that the lenses still conform to 
this standard for optical, physical and mechani- 
cal requirements, must be established by the 
scientific judgement of the investigator. 



ANNEX R 
( Clause 5.2.5 ) 
IN VITRO EVALUATION OF AQUEOUS STABILITY OF lOL MATERIALS 



R-1 PURPOSE 

The purpose of this test is to determine the 
stability of lOL materials to hydrolytic degrada- 
tion in both real time and accelerated models. 

R-2 BACKGROUND 

Some polymeric materials are subject to hydro- 
lytic degradation in an aqueous environment. 
This degradation can result in a change in the 
chemistry and physical properties of the material. 
This can be characterized by such things as a 
loss in mechanical strength and optical clarity. 
Also, changes in polymer molecular weight and 
solvent extractables may be observed. Because 
an lOL needs to maintain its properties for an 
extended period of time in the aqueous humour 
of the eye, any lOL material needs to be stable 
to hydrolysis. 

Tests to evaluate hydrolytic stability would 
include the monitoring of mechanical, optical 
and chemical properties of lOL materials incu- 
bated in an aqueous solution for various periods 



of time which simulate the intended ocular 
implantation period. Since hydrolytic degrada- 
tion increases with temperature in an arrheniu^ 
manner, this test can be accelerated with 
temperature. However, one must be careful 
in selecting an accelerated temperature such that 
other degradative mechanisms not relevant to 
the intraocular environment are not brought into 
play. 

R-3 MATERIALS AND EQUIPMENT 

— lOL material cut into strips with the 
thickness approximating the thickness of 
a +20 D lOL, and dimensioned as 
microdogbone samples. In addition, 
samples should be processed per typical 
lOL conditions ( that is, cleaned, steri- 
lized ). 

— Constant temperature water bath capable 
of controlling temperature ±2''C : with 
thermometer. 

— Water for injection ( WFI ) 
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— Water tight 300 ml jars 

— Instron tensile tester 

— UV/Visible spectrophotometer 

— Hardness tester 

— High pressure liquid chromatograph 
( HPLC ) 

— Gel permeation chromatograph ( GPC ) 
R-4 PROCEDURE 

Samples are placed aseptically into jars, and 
filled with WFI water. The total number of 
samples required will be determined by the 
choice of test temperature and the frequency of 
measurements. A minimum of five samples per 
time period should be tested. Each sample can 
be analyzed by light microscopy, light transmis- 
sion and tensile and hardness testing. 

The bath is set for 37°C for the real time test." 
Control samples are maintained, in air at room 
temperature. Accelerated testing can be con- 
ducted using the following equation to establish 



acceleration factor: 

Acceleration factor — 2" 



where 



n = — 



r-37 



10 



Samples, test and control, are examined every 4 
weeks with light microscopy for signs of degra- 
dation such as pitting, cracking, etc. Each 
sample is blotted dry and % light transmittance 
is measured from 200—700 nm with a UV/visible 
spectrophotometer, using air as the reference. 
Haze is also to be evaluated. Tensile strength, 
tensile modulus and elongation at break are 
evaluated with a tensile testing machine. Hard- 
ness is measured with a gauge with the 
appropriate scale and method. For softer 
materials, a shore 'A' durometer is appropriate. 

Results are compared with those of control and 
time zero samples for changes in clarity or 
mechanical properties indicative of degradation. 

In addition, tensile samples are extracted with 
an appropriate organic solvent to remove all 
unpolymerized material. The amount of extract- 
ables is quantified and compared versus the 
control. The molecular weight of polymer may 
be measured using GPC or another appropriate 
method to monitor changes in molecular 
weight. 



ANNEX S 
( Clause 5.31 ) 



BACTERIOSTASIS/FUNGISTASIS 



S-1 PURPOSE 



This test is performed in order to assure that 
the product which is sterility tested does not 
exert any inhibitory effect on bacteria or fungus 
under the conditions of the te^t. This should be 
evaluated following the first sterilization of all 
new products prior to sterility testing. 

S-2 MATERIALS AND EQUIPMENT 

— Microbial stains ( Bacillus subtilis, staphy- 
lococus aureus, eschericnia colli, pseudo- 
monas alruginosa, Clostridium sporogenes, 
Candida albicans and as per gill us niger ) 

— Tryptone soya broths 

— Saubouraud's dextrose broth ( SDB ) 

— Incubator, to maintain 37°C 

— Spectrophotometer/colorimeter 

S-3 PROCEDURE 

S-3.1 Prepare tryptone soya broths or SDB 



and distribute into 
sterilize. 



100 ml flasks/bottles, and 



S-3.2 Inoculate less than 103 cells of each bac- 
teria and yeast ( 100 spores in case of fungus ), 
in duplicate. 

S-3.3 Introduce the lenses into one set of 
containers. Other set will serve as control. 

S-3.4 Incubate at 37°C for 24 hours. 

S-3.5 Measure the growths by taking optical 
density ( CD ) at 550 nm. Find out the dry 
weight in case of fungus. Clostridium sporo- 
genes should be kept in anaerobic jar. 

S-4 INTERPRETATION 

Any significant decrease in optical density 
( OD ) or dry weight than the control is an 
indication of bacteriostasis/fungistasis. 
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ANNEX T 
( Clause 5.3.2 ) 

BIOBURDEN TESTING 



T-1 PURPOSE 

Bioburden testing is performed to determine the 
total number of viable micro-organisms in or on 
a finished product just prior to sterilization. 

T-2 MATERIALS 

— 10 complete non-sterile lenses randomly 
selected from a lot. 

— Wash solution; phosphate buffer with 
0-5 percent tween 80 ( i?H 7"2 ±0*2 ) 

— Tryptone soya agar ( TSA ) 

— Water bath ( 80 D.C. ), vortex 

T-3 PROCEDURE 

T-3.1 Sterilize the wash solution and dispense 
in 5 ml aliquots in screw cap test tubes. 

T-3.2 Aseptically open the package ( preferably 
in a laminar flow hood ) and transfer the lens to 
the wash solution. 

T-3.3 Vortex all the test tubes and a control 
( buffer without product ) for one minute. 



Total recoverable aerobic bioburden ( or ) 
Total recoverable aerobic spore bioburden = 



T-3. 4 For Aerobic Bioburden 

Take out 2 ml aliquote from each of the test 
tube and incorporate into 30 ml of molten TSA 
and pour into petri dishes. 

T-3.5 For Aerobic Spore Bioburden 

T-3.5.1 Take out another 2 ml into a sterile test 
tube. 

T-3.5.2 Give heat shock for 10 min at 80°C in a 
water bath. 

T-3.5.3 Upon completion of heat shock, incor- 
porate each of this to 30 ml molten TSA and 
pour into petri dishes. 

T-3.6 Incubate the plates at 37°C for 72 hours. 

T-3.7 Count the number of colonies forming 
units ( CFU ) in each plate. 

T-4 INTERPRETATION 

The total aerobic bioburden or aerobic spore 
bioburden can be calculated using the formula: 

Total CPU's counted ,, Total volume of 



per sample 



wash solution 



volume of wash solution tested 
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